Abstract: Monoclonal antibodies (mAbs) targeting antigens expressed by plasma cells demonstrated major clinical activity in multiple myeloma patients and therefore became a new major class of drug for these patients. Elotuzumab is a humanized mAb targeting the cell surface signaling lymphocytic activation molecule family member 7, a glycoprotein highly expressed on plasma cells, that is the second mAb approved for the treatment of myeloma patients. The mechanism of action of elotuzumab includes natural killer cell (NK) mediated antibody-dependent cellular cytotoxicity and direct activation of NK-cells. Elotuzumab has been approved in combination with lenalidomide and dexamethasone (EloRd) and pomalidomide and dexamethasone (Elo-Pd) for the treatment of relapsed myeloma patients. The present review will focus on elotuzumab, providing a summary of the mechanism of action, efficacy and safety and taking into consideration patients' selection.
Introduction
Multiple myeloma (MM) is a mature B-cell neoplasm characterized by the neoplastic proliferation of clonal bone marrow plasma cells producing a monoclonal immunoglobulin. MM accounts for approximately 2% of all new cancer cases and nearly 15% of hematologic malignancies. 1 MM primarily affects older individuals with a median age at the time of diagnosis of nearly 70 years. 2 The life expectancy of myeloma patients has doubled over the past decades. 3 This outstanding improvement is predominantly due to the widespread use of proteasome inhibitor (PI) (ie, bortezomib, carfilzomib) and immunomodulatory drugs (IMiDs) (ie, thalidomide, lenalidomide, pomalidomide), the major cornerstones of myeloma therapy. However, the outcome of patients whose disease became refractory to PI and IMiDs remains poor, with a median overall survival (OS) of nearly 1 year. 4 Therefore, improving the myeloma armamentarium with effective novel agents is warranted. More recently, monoclonal antibodies (mAbs) targeting antigens expressed by plasma cells demonstrated major clinical activity in MM and therefore became a new major class of drug for the treatment of MM patients. 5 In 2015, the mAbs elotuzumab and daratumumab have been approved for the treatment of MM patients. Daratumumab is a fully humanized immunoglobulin G1 (IgG1) mAb targeting CD38, a cell surface glycoprotein widely expressed on myeloma cells. The results of the large Phase II study SIRIUS led to the approval of daratumumab single agent for the treatment of relapsed MM patients who have received at least three prior therapies, including bortezomib, lenalidomide and pomalidomide. 6 In 2016, daratumumab in combination with lenalidomide and dexamethasone, or bortezomib and dexamethasone was approved for the treatment of patients with MM who have received at least one prior therapy. 7, 8 In 2017, daratumumab in combination with pomalidomide and dexamethasone was approved for the treatment of relapsed and refractory MM previously treated with lenalidomide and a PI. 9 In 2018, daratumumab has also been approved, in combination with bortezomib melphalan and prednisone, in transplant ineligible newly diagnosed MM patients. 10 Daratumumab displays an excellent safety profile with low-grade infusion-related reactions (IRR) occurring mostly during the first infusion as the main treatmentemergent adverse event. 11 Elotuzumab, a humanized mAb targeting the cell surface protein SLAMF7, is the second mAb approved for the treatment of myeloma patients.
The present review will focus on elotuzumab, providing a summary of the mechanism of action and of the evidence regarding clinical results and safety profile of the elotuzumab-based treatment of MM. Taking into consideration patients' perspectives and quality of life, we will explore the evidence behind elotuzumab therapy in terms of improving patients' outcome and satisfaction.
Mechanism of action of elotuzumab
Elotuzumab (Elo) is a humanized IgG1 mAb directed against SLAMF7, also called CS1 (cell surface glycoprotein CD2 subset 1). 12, 13 SLAMF7 is a glycoprotein highly expressed on most normal and abnormal plasma cells, and natural killer cells, but not on hematopoietic stem cells and other normal tissues. 14 More than 95% of bone marrow myeloma cells express SLAMF7. 14 The primary mechanism of action of elotuzumab is via NK cell-mediated antibody-dependent cellular cytotoxicity. 13, 14 Elotuzumab also directly activates NK cells through both SLAMF7 pathway and Fc receptors (CD16). 15 Expression of SLAMF7 is maintained in all subgroups of MM patients, regardless of cytogenetics or previous lines of therapy. 14 With little to no expression of SLAMF7 protein in normal tissue, elotuzumab selectively kills myeloma cells with minimal off-target effects.
14 Elotuzumab indeed allows a highly targeted therapy with minimal undesirable side effects to the patient. In contrast to elotuzumab, daratumumab is a humanized mAb directed against CD38. Daratumumab binds to CD38 expressing tumor cells and therefore induce apoptosis directly through Fc mediated cross-linking as well as by immune-mediated tumor cell lysis through ADCC and antibody-dependent cellular phagocytosis). 16 Daratumumab has also been shown to deplete T-and B-regulatory cells thereby stimulating clonal expansion of helper and cytotoxic T cells, which has not been demonstrated with elotuzumab. 16 Mechanisms involved in resistance to elotuzumab are still unclear. Recently, serum level of soluble SLAMF7 has been shown to inhibit elotuzumab ADCC cytotoxicity in vitro. 17 Current treatment options with elotuzumab in relapsed refractory myeloma Elotuzumab single agent Clinical trials evaluating elotuzumab in MM patients are summarized in Table 1 . Elotuzumab monotherapy at doses ranging from 0.5 to 20 mg/kg demonstrated no single agent activity in a Phase I dose-escalating trial (n=35). 18 In this study, only 26% of patients with relapsed refractory multiple myeloma (RRMM) achieved stable disease as best response. Elotuzumab monotherapy was however associated with a minimal toxicity, mostly related to IRR.
Elotuzumab in combination with IMIDS Lenalidomide
A Phase I study evaluated elotuzumab dose-escalation (5, 10 or 20 mg/kg) in combination with lenalidomide and dexamethasone (n=29). 19 Majority (79%) of these patients were lenalidomide naïve. Only one patient was refractory to lenalidomide. The scheme of elotuzumab administration in combination with IMiDs is reported in Table 2 . The overall response rate (ORR) was 82%, with 9 patients achieving at least a very good partial response (VGPR). The ORR among patients prior exposed to lenalidomide was 33%. The median progression-free survival (PFS) was 32.9 months. A Phase 2 trial evaluated elotuzumab (10 or 20 mg/kg) in combination with lenalidomide and dexamethasone in 73 patients with RRMM. 20 Of note, none of these patients were previously exposed to lenalidomide. The triplet combination elotuzumab, lenalidomide and dexamethasone (Elo-Rd) led to an ORR of 84%, including 14% of stringent complete response and 42% of VGPR. The 10 mg/kg cohort was associated with a better efficacy with a median PFS of 32 versus 25 months in the 20 mg/kg cohort. Addition of elotuzumab was not associated with an increased toxicity from those expected from the doublet lenalidomide and dexamethasone. Based on the results of these studies, the dose of 10 mg/kg was therefore identified for further studies.
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The Elo-Rd triplet was then evaluated in a large Phase III trial (ELOQUENT-2) that enrolled 646 patients with RRMM (1-4 prior lines; median of 2). Patients were assigned to receive lenalidomide and dexamethasone with or without elotuzumab (10 mg/kg) until progression or unacceptable toxicity. 21, 22, 26 Less than 10% of patients Abbreviations: N, number; ORR, objective response rate; PFS, progression-free survival; Rd lenalidomide and dexamethasone; TD, thalidomide and dexamethasone; V, bortezomib; VD, bortezomib and dexamethasone. had been previously exposed to lenalidomide and none was refractory. 
Elotuzumab in combination with bortezomib
Combination with elotuzumab and bortezomib (Elo-V) was evaluated in a Phase I study that enrolled 28 RRMM patients (median of two prior therapies), including 39% of patients that were previously exposed to bortezomib. The scheme of elotuzumab administration in combination with PIs is reported in Table 2 . The ORR was 48%, including 7% of complete response (CR). 24 The median time to progression was 9.46 months. These favorable efficacy results were confirmed in a randomized Phase II study that compared elotuzumab (10 mg/kg), bortezomib and dexamethasone (Elo-Vd) over bortezomib and dexamethasone (Vd) in 152 patients with RRMM (1-3 prior therapies). 25 Half of the patients (49%) were previously exposed, but not refractory to bortezomib. In both arms, treatment was given until disease progression or unacceptable toxicity. Despite similar ORR between the two cohorts (66% versus 63%), the addition of elotuzumab demonstrated an improvement in PFS in patients with RRMM that did not however reach statistical significance (median 9.7 versus 6.9 months; HR 0.72, 95% CI 0.49-1.06; p=0.09).
Safety and practical considerations Infusion-related reactions
Initial Phase I study of single-agent elotuzumab was associated with IRR in 58.8% of patients. IRR consisted mostly on chills, fatigue, pyrexia, nausea and back pain. 18 In the Phase III trial ELOQUENT-2 (Elo-Rd), IRR were reported in 33 (10%) of patients in the elotuzumab arm. Again, IRR were mostly grade 1/2 with only 4 patients with grade 3 reactions (no grade 4 or 5). Most (70%) of these reactions occurred during the first infusion. Only two patients (1%) discontinued treatment because of the infusion reaction. Very similar IRR rates and grade were observed in the randomized ELOQUENT-3 trial (Elo-Pd). These reactions might be related to the direct effects of elotuzumab on immune-effector cells and increase in pro-inflammatory cytokines. 28 Premedication with steroids, acetaminophen and antihistamines within 30-60 mins prior to elotuzumab infusion is recommended and strongly diminished the frequency of these reactions. 28 Prevention and prompt management of infusion reactions is then important to avoid drug discontinuation which may affect treatment efficacy. Close monitoring of patients, especially during the first infusion, is thus recommended.
Other adverse events
Overall, except from IRR, the addition of elotuzumab to standard regimens including IMiDs or PI is not associated with increased toxicity from those expected with these regimens without elotuzumab.
Hematologic toxicities
Based on the ELOQUENT 2 (Elo-Rd) and 3 (Elo-Pd) trials, rates of anemia, thrombocytopenia and neutropenia were similar in the elotuzumab and control groups. 21, 27 Rates of grades 3 and 4 lymphocytopenia were however significantly higher rate (77% vs 49%) with elotuzumab in the ELOQUENT 2 trial. 21 However, in the ELOQUENT 3 trial, grades 3-4 lymphocytopenia were not significantly different (8% vs 2%). 22 Since elotuzumab has no expression of SLAMF7 protein in hematopoietic progenitor cells, it has a lower myelosuppressive profile than daratumumab. 14 
Infections
Overall rate of infections was not increased with the addition of elotuzumab. However, rate of viral infections with herpes zoster (grade 1/2) was greater in the elotuzumab group than in the control group in both ELOQUENT 2 trial (4.1% vs 2.2%) and ELOQUENT 3 trial (5% vs 2%). 21, 23 Initiation of prophylaxis against herpes zoster reactivation, such as acyclovir or valacyclovir, is recommended. 28 Except for herpes zoster, there was no increase in the incidence of opportunistic infections.
Quality of life
Importantly, quality of life and pain evaluation were assessed using the Brief Pain Inventory-Short Form and the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30 module (QLQ-C30) and myeloma-specific module (QLQ-MY20).
Baseline pain and quality of life scores did not change substantially throughout treatment with both regimens, which supports the tolerability and safety of the mAb. 29 
Practical considerations Dose adaptation and drug interaction
Analysis of elotuzumab pharmacokinetic properties according to renal impairment, hepatic impairment and age support its use in patients with those conditions without dose adjustment. 30 The clearance of elotuzumab increased according to body weight, supporting weight-based dosing. Since formal drug to drug interaction studies are missing, no drug interaction is identified with elotuzumab.
Interference with response monitoring
Unlike CD38 mAbs, elotuzumab does not interfere with blood compatibility tests because SLAMF7 is not expressed on red blood cells. 14 On the other hand, elotuzumab demonstrated strong efficacy when combined to the IMids-based regimens Rd and Pd. 21, 27 The potency of these combinations might be related to the mechanism of action of IMiDs that have immunostimulatory effects that induce activation of NK cells and enhanced ADCC activity. 39, 40 Both randomized trials with Elo-Rd (ELOQUENT-2) and Elo-Pd (ELOQUENT-3) have demonstrated a statistically significant benefit in PFS when compared to the control arm. 21, 27 Based on the result of the ELOQUENT-2 trial, the FDA approved elotuzumab in combination with lenalidomide and dexamethasone (Elo-Rd) for RRMM who have received at least one prior line of therapy. For the treatment of patients with RRMM, lenalidomide has also been studied in combination with carfilzomib (KRd), ixazomib (IRd) and daratumumab (DaraRd). 8, 33, 35 In terms of response PFS, the triplet DaraRd led to better results in comparison with Elo-Rd, with similar safety profiles. Indeed, the median PFS with DaraRd was 40 months versus 19.4 months for Elo-Rd. 41 In terms of survival, only KRd demonstrated an OS advantage over Rd at this time. Results from the ELOQUENT-3 trial also led to FDA approval of elotuzumab in combination with pomalidomide and dexamethasone for RRMM who have received at least two prior lines of therapy and refractory to PI and lenalidomide. There are ongoing studies with combination of anti-CD38 mAbs, daratumumab and isatuximab, with pomalidomide and dexamethasone in the setting of RRMM. Association of carfilzomib with pomalidomide and dexamethasone (KPd) is difficult to compare with EloPd since PFS was inferior (7,3 months) in one trial but it included a population of patients with more advance disease with a median of six prior lines of treatment. 42 The other study with KPd was associated with a similar PFS of 10.3 months. 43 KPd combination is not yet approved.
Alternative option of treatment with pomalidomide in RRMM is pomalidomide, cyclophosphamide and dexamethasone (PCD). As published by Baz et al, PCD was associated with an ORR of 65% and a PFS of 9.5 months. 44 The efficacy of PCD has been recently confirmed in the real-life setting. 43, 45 Elo-Pd compares favorably to PCD in term of efficacy but at a higher cost therapy and less convenient than the all-oral triplet. A large Phase Ib study reported the promising efficacy of the triplet combination of pomalidomide dexamethasone and daratumumab (Dara-Pd) in 103 patients with advanced MM (median of four prior therapies, 20% refractory to lenalidomide). The ORR was 60% and the median PFS was 8.8 months.
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When choosing the optimal regimen for a patient, profile of toxicities have also to been taken into consideration and balanced according to patients' comorbidity. The addition of elotuzumab to IMiDs-based therapy allows a favorable safety profile.
Patients selection: elotuzumab-based therapy in specific subgroups of patients?
The addition of elotuzumab to Rd resulted in improved PFS over control arms for patients with high-risk cytogenetic, including t(4;14) and 17p deletion. 21 Subgroups analysis of the ELOQUENT-2 trial shown a PFS benefit of the addition of elotuzumab for patients with deletion 17p (HR 0,65; 95% CI, 0,45-0,94), 1q21 gain (HR 0,75; 95% CI, 0,56-0,99) and t(4,14) (HR 0,53; 95% CI, 0,29-0,95). In the ELOQUENT-3 trial, a trend to a better PFS was also seen for patients with high-risk cytogenetic, as defined by the IMWG, in the Elo-Pd arm. 27 However, analysis of each subgroup of patients deletion 17 p, 1q21
and t (4, 14) failed to demonstrate a benefit in PFS from the addition of elotuzumab. In ELOQUENT-2 trial, the PFS benefit of elo-Rd was consistent across different subgroups of patients, including those older than 65 years (HR 0,65; 95% CI, 0,50-0,85), ISS I (HR 0,13; 95% CI, 0,46-0,87) and those with creatinine clearance inferior to 60 mL/min (HR 0,56; 95% CI, 0,31-0,88). Although there was not benefit in PFS for the subgroup of patients older than 65 years in the ELOQUENT-3 trial, those with ISS I-II (HR 0,54; 95% CI, 033-0,90) and those with disease refractory to lenalidomide and a PI (HR 0,56; 95% CI, 0,33-0,97) did benefit from the addition of elotuzumab to Pd. For patients with extra-medullary disease, the impact of elotuzumab is not known. Biomarkers predicting response to targeted therapy are needed. Some factors have been hypothesized to further help to predict response to elotuzumab therapy, such as dosing soluble SLAMF7 in serum or identification of Fc RIIIA V allele homozygous status. These factors are however not validated for current use in practice. The majority of the patients who do respond eventually develop resistance and antibodies against mAbs eventually develop and reduce their biological activity, as documented in 15% of patients in the Phase III trial in combination with lenalidomide and dexamethasone. 21 Elotuzumab-based therapy: an option for patients refractory to CD38 mAbs?
To date, there are no data available about retreatment with a mAb in MM patients refractory to another mAb. Patients previously treated with a mAb are usually excluded from clinical trials testing other mAbs in RRMM. Since mAbs are now approved until progression in previously untreated MM patients based on the results of the Phase III ALCYONE and MAIA trials, most patients with RRMM will be daratumumab refractory in the next future. 10, 46 Since daratumumab and elotuzumab have different mechanisms of action, one targeting CD38 and the other SLAMF7, combination treatment with elotuzumab could be likewise an option treatment for anti-CD38 refractory RRMM. However, studies are needed to confirm the efficacy and safety of elotuzumab in patients that are refractory to anti-CD38 mAbs.
Ongoing studies
Multiple of other mAbs are now been tested in RRMM. Combination of elotuzumab, carfilzomib, pomalidomide and dexamethasone in RRMM is actually under investigation in a Phase II trial (NCT03155100). Phase II trial elotuzumab, pomalidomide, bortezomib and dexamethasone in RRMM (Elo-PVd) is also recruiting (NCT02718833). A Phase III study of lenalidomide and dexamethasone with or without elotuzumab in newly diagnosed patients with MM (ELOQUENT-1) is underway (NCT01335399). Elotuzumab is also investigated in combination with bortezomib, lenalidomide and dexamethasone (VRd) in newly diagnosed myeloma (NDMM) eligible for transplant in Phase II trials (NCT02375555, NCT02495922). Elotuzumab combined with carfilzomib, lenalidomide and dexamethasone is investigated in NDMM (NCT02969837). A Phase II trial with combination of elotuzumab plus lenalidomide/dexamethasone is under investigation for high-risk SMM (NCT02279394).
Conclusion
Elotuzumab demonstrated a significant clinical activity in combination with IMiDs and is approved in combination with lenalidomide and dexamethasone (Elo-Rd) and pomalidomide and dexamethasone (Elo-Pd) in RRMM patients. Elotuzumab displays a safe profile with lower rate of IRR (<10%) compared to daratumumab. Elotuzumab in combination with IMiDs is an approved option for the treatment of RRMM. Taking into consideration that most patients will be treated with anti-CD38 mAbs in first line of treatment, it may be hypothesized that elotuzumab in combination could be a future option treatment for RRMM patients with anti-CD38 refractory disease.
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